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Abstract 
It is increasingly clear that many of the existing transportation systems in the world are inefficient, inequitable and 
unsustainable.  In many places, we have evolved a rigid transportation monoculture that forces people to adapt to the 
system rather than a flexible, responsive and user-friendly transportation polyculture that can adapt more easily to 
people and their activities.  However, creating a flexible and responsive transportation system will require more 
coordination and cooperation across a variety of spatial scales and time horizons than is evident in our current, 
competitive systems.   This lecture will discuss the role of collaboration in developing the next generation of 
transportation systems, and the role of geographic information science in facilitating cooperation across space and 
time for strategic, tactical and operational decision-making in transportation. 
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1. Transportation challenges 
Transportation systems are facing major challenges in the 21st century.  In many parts of the world, 
higher demands are being placed on transportation systems due to population growth, urbanization and 
motorization at the same time that transportation infrastructure is maturing and public investment is 
declining. The increasing need for efficient and responsive transportation to support the global economy 
and mobile lifestyles is occurring in an era when the ability to physically expand networks is increasingly 
limited. Transportation systems have a large, direct environmental footprint, as well as a larger, indirect 
footprint through inducing other systems such as cities to manifest in environmentally unsustainable 
forms. More people and objects within transportation systems with minimal physical expansion imply 
higher incidence of crashes, injury and loss of life. September 11th 2001, the London underground 
bombings and Hurricane Katrina vividly illustrate the vulnerability of transportation systems to terrorism 
and natural disasters, both due to direct harm as well as the disruption of economies and lifestyles.  
Finally, many transportation systems are inequitable and create substantial barriers to individuals who are 
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socially or economically disadvantaged or have different physical capabilities; this is particularly acute 
for people whom “age-in-place” and no longer have the capabilities and/or resources for mobility as 
traditionally configured [5,10]. 
These trends have converged in many parts of the world created unprecedented pressure on the 
transportation systems that cannot be addressed using the technologies and processes that created the 
current problematic systems. Rather than simply try to build our way out of the problem as in the past, we 
must extract more capacity and - more importantly – new capabilities from our transportation system.  
We must be smarter about transportation. 
2. Transportation monocultures versus polycultures 
In many parts of the world we have engineered transportation monocultures: brittle and inflexible 
systems where there are few mobility options and people must adapt their activities based on the limited 
mobility options available.  A smarter approach is to cultivate transportation polycultures: robust and 
flexible systems with a wide range of mobility options, including mobility substitutes such as information 
technologies[9].  A transportation polyculture is more complex than a monoculture: it involves not only a 
wider spectrum of mobility technologies, but also requires a much greater degree of coordinationamong 
modesand travelers.  The public sector would have a more nuanced and mutifacteted role – not only as a 
regulator of private transportation and a provider of public transportation, but also a facilitator of shared 
transportation.  Consequently, a transportation polyculture would be more difficult to plan, design and 
manage than our traditional transportation monocultures. 
3. Enabling information technologies 
There are opportunities for cultivating transportation polycultures at the convergence of three 
technologies.  Sensor technologies embedded in vehicles and infrastructure or carried by travelers, and 
connected via wireless communication, can generate unprecedented amount of fine-grained data about 
transportation systems and their dynamics.  Geographic Information Systems (GIS) provide an 
environment for managing, exploring, analyzing transportation data and communicating transportation 
information. Social computing can allow travelers to be active participants in the organization of the 
system rather than just passive recipients of transportation information.   
GIS – as well as the underlying geographic information science - have matured to the point that they 
can serve as a vital component of a smarter transportation system.  Particularly relevant is the increasing 
ability of GIS to maintain and display spatio-temporal and moving objects data, improving capabilities for 
exploring and analyzing complex and massive spatio-temporal data, science and tools for simulating 
transportation, urban and other human systems from the “bottom-up” (at the level of the individual person, 
vehicle or object), and the development and adoption of data standards and information infrastructures for 
integrating and interoperating data. 
However, we must think carefully about the social dimensions of these technologies.  Technologies 
alone do create social change; rather, change occurs from people using technologies to do things 
differently[8].How do we use both technological and social capabilities in a manner that not only resolves 
major transportation challenges in the 21st century, but lead to efficient, equitable and sustainable 
transportation systems? 
4. Cooperative transportation 
Cooperative transportation systems are transportation systems where participants share information 
and resources, and collaborate on solving transportation problems at all scales from local and operational 
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(“How do I get to work today?”) to regional and strategic (“What do we want our transportation systems 
and communities to look like in twenty years?”).   
How can cooperation create smarter transportation polycultures?  First, transportation resource sharing 
is a key component of any solution.  Personal mobility technologies such as private automobiles are not 
going away: although their fossil fuel-based propulsive technologies should be replaced, personal 
mobility itself is very compelling and has powerful advantages with respect to flexible mobility.  But 
personal transportation in its current form is inefficient since single individuals occupy most private 
vehicles.  We can make personal mobility more efficient by sharing these resources to take advantage of 
enormous wasted capacity in this system. We can also share resources to solve the “last mile” problem in 
accessing public transportation, as well as create a quasi-public transportation system.  Second, an 
integrated multimodal system requires a high degree of coordination and cooperation among modes that 
have traditionally been planned, designed and managed as loosely coupled systems.  A third potential is 
crowdsourcing solutions to transportation problems. There is ample evidence that many people are often 
smarter than one person, and are also smarter than a small number of professionals or technocrats.  New 
and surprising solutions to transportation problems can emerge from the collective wisdom of the crowd. 
Lastly, cooperation and collaboration is essential to create engaged citizenship and an inclusive planning 
process for strategic planning.  Inclusiveness is vital for adapting global principles and solutions to local 
context and reducing the contentious nature of current transportation planning.  
A critical question is how to create a decision-making environment that facilitates collaborative 
mobility: cooperative transportation decisions at all levels (from operational to strategic) and at all scales 
(from local/immediate to global/long-term), as well as open-ended exploration and engagement on an 
ongoing basis to create a more enlightened transportation stakeholder community.  Information 
technologies and social computing have demonstrated capabilities to foster cooperation by dramatically 
lowering the barriers to many-to-many communication and group formation [8].  How do we evolve these 
capabilities as digital information processing continues to decrease in cost and increase in power?      
5. Mirror worlds 
In 1993 computer scientist David Gerlernter described a virtual environment called a mirror world that 
presciently anticipated the ability to converge data streams and technologies to facilitate understanding 
and engagement in complex real-world systems [3].A mirror world is areal-time, comprehensive, detailed, 
interactive and discoverable portrayal of a complex real-world system.   It is not an alternative reality but 
a reflection of reality that is tightly coupled to the real world through sensor and other data reporting 
technologies including volunteered geographic information from citizens. 
Mirror worlds have several facets.  One is a live picture: a comprehensive depiction of the state of a 
complex system in real time.  Another is a deep picture: an integrated representation with varying levels 
of detail.  Mirror worlds also contain agents that find, extract, process and report relevant information as 
well as make simple decisions on behalf of users.  Mirror worlds also contain a sense of experience, 
allowing users to search and retrieve information from previous states of the system as well as states that 
are analogous to the situation being investigated.   
Mirror worlds are tools for investigating and managing reality: they help managers, citizens, users 
understand and manage complex real world systems such as transportation.  Mirror worlds can facilitate 
understanding and engagement in real-world systems, lower barriers to community engagement and 
public decision-making, encourage cooperation in large-scale projects and systems.  Mirror worlds can 
also serve as virtual laboratories that allow investigators to simulate realistic future scenarios and test 
behaviors within these simulated worlds. 
Mirror worlds could be accessed in several ways.  Mobile devices such as smartphones can allow 
limited access.  Deeper access can be obtained via screen-based alternative reality such as Second Life.  A 
more immersion experience could be obtained once true multisensory environments are obtained via 
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virtual reality.  Finally, augmented reality can allow information from mirror worlds to be projected onto 
views of the real world via lightweight data glasses. 
Mirror worlds reflect a long-standing desire by individuals to represent, engage, and control the world 
through its visual mediator, the globe.  Therefore - and similar to the other technologies mentioned in this 
paper - we must be careful that our use of this powerful medium shapes the real world in an appropriate 
manner [4]. 
6. Thinking spatially about cooperation 
Geographic information science can play an important role in building cooperative transportation 
systems.   Most obviously, transportation systems are geographic, and the streams of data that emerge will 
be referenced in geospace and time.   Given the volume of data expected, the geospatial infrastructure and 
management issues are formidable, as are needs for effective and scalable geographic knowledge 
discovery, spatial analysis and geovisualization techniques. Mirror worlds are also geographic: they 
requires integrating and expanding functionalities we currently see in technologies such as digital earth, 
location-based services, social computing and spatial decision support systems, and connecting this 
environment to the enormous data streams that will be flowing from transportation systems. 
Beyond helping to resolve the formidable scientific and technological challenges, geographic 
information science can contribute to the social and technological interface that facilitates cooperative 
transportation systems.  There are fundamental questions surrounding the nature of human cooperation – 
how to encourage cooperation, how many people need to cooperative to achieve desirable outcomes, and 
what objectives are best served by cooperation versus competition. 
Cooperation has demonstrable spatial and temporal expressions.  The fundamental model of 
competitive versus cooperative behavior is the Prisoner’s Dilemma (PD) in game theory.  The outcome of 
the classic, static PD is pessimistic: it illustrates why the common good can be undermined by perfectly 
rational behaviour at the individual level.  However, it turns out that repetition and reputation make a 
difference.  If players play the game repeatedly with the same participants, cooperation can emerge as a 
normative strategy.  The iterated prisoner’s dilemma (IPD) was the subject of the famous computer 
experiments by Robert Axelrod: these experiments demonstrated that cooperative behaviour emerges in 
competitive situations when it is played repeatedly and players have knowledge of others’ reputations 
(history of plays in the game).  Additionally, placing the IPD in a spatial or network context and allowing 
winning strategies to propagate at the expense of losing strategies demonstrates that cooperation can 
spread over space and through social networks [1,2,6].  However, beyond the basic result that space and 
time matter, we have little detailed knowledge of the role of proximity and connectivity in facilitating 
cooperation, as well as how geographic information can be used to propagate cooperation over space and 
time. 
Network flow theory also suggests conditions under which people will cooperate in travel behaviour. 
Network flow theory distinguishes between user optimal (UO) and social optimal (SO) equilibria.  UO 
occurs when no traveler can reduce his or her travel costs by unilaterally switching routes.  However, 
although all individuals have minimal cost routes, the overall system cost is not minimized.  SO occurs 
when no traveler can reduce overall system cost by unilaterally changing routes.  In this case, some 
individuals may have travel costs that are higher than can be achieved under UO. SO patterns are possible 
but not probable, at least spontaneously, since at SO some travelers can switch routes and lower their 
individual costs (and thereby increase system costs) [7]. 
It is instructive to consider the role of information in achieving a socially optimal flow.  Under UO, 
individuals consider the average cost of possible routes through the network. Under SO, individuals 
consider the marginal cost of routes, that is, the added cost of their entry into each route. Facilitating and 
sustaining a SO equilibrium requires some mechanism – either coercive but preferably cooperative - for 
individuals to make joint decisions that consider total system cost.  Fundamental research questions 
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surround the role of geographic information in facilitating the joint decision-making that will facilitate 
socially optimal outcomes in transportation; not only for the here and now of traffic flows but also to all 
spatial and temporal scales involved in planning, designing and managing transportation systems. 
7. Conclusion 
Transportation systems in many parts of the world are inefficient, inequitable and unsustainable.  
These shortcomings will become acute as population, urbanization and motorization growth rates 
continue to pressure these systems.  One way to help resolve these pressures is to develop transportation 
polycultures that provide a wide spectrum of integrated mobility options and encourage greater 
cooperation at all levels of transportation decision-making.  Geographic information technologies can 
serve as the foundation for decision-making environments that facilitate the understanding and 
engagement that is necessary for cooperative transportation systems. To do so, geographic information 
scientists should not only address the substantial scientific and technical challenges required to create 
advanced decision environments such as mirror worlds but also investigate and understand the conditions 
under which cooperation occurs over space and time, as well as the effectiveness of cooperative behavior 
in transportation and other human endeavors.   
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